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(54) SILICON EPITAXIAL WAFER AND METHOD FOR MANUFACTURING THE SAME 



(57) The present invention has as an objective pro- 
viding a silicon epi-wafer, and a manufacturing method 
therefor, which simplifies processing as much as possi- 
ble in an attempt to lower the cost of an epi-wafer, and 
which is capable of manifesting a sufficient IG effect 
even in low-temperature device fabrication processing 
of under 1080°C in an epi-wafer, and furthermore, in 
device processing, which enhances gettering capabili- 
ties for a variety of impurities in wafer device process- 
ing, without performing, following wafer slicing, any 
process from which an EG effect can be anticipated. As 
for the silicon single crystal, which is grown via the CZ 
method so as to make the oxygen concentration rela- 
tively high, and to intentionally make the carbon con- 
centration high, outstanding gettering capabilities are 
manifested in the wafer itself, without performing EG 



processing. And, in accordance with suitably controlling 
oxygen concentration and carbon concentration while 
pulling a single crystal, and performing short<iu ration 
annealing at a low temperature after silicon wafer slic- 
ing, [the present invention], in addition to furnishing IG 
capabilities, is capable of reducing the number of proc- 
esses by not performing any of the various complex EG 
processes performed following conventional silicon 
wafer formation, strives to lower costs, makes possible 
the granting of IG capabilities, which are generated in 
low-temperature device processing that uses an epi- 
wafer, and, since EG is not needed even when two-side 
mirror finishing is required to realize high-precision 
planarity, makes possible the manufacture of a sub- 
strate capable of measures designed to increase preci- 
sion. 



FIG.4 




MC3 



"I — 1 — I — T 

6 8 10 12 14 16 18 20 22 24 
TiHtui Qxygea Concentration [Oi](X10" atomo/cm*) 



Printed by Xerox (UK) Business Services 
2.16.7/3.6 



EP 0 948 037 A1 



Description 

FIELD OF THE INVENTION 



SL^o^f T > f 3 S " ,COn epitaXia ' wafer and a ""nutacturing method therefor, which involves 
the improvement of a silicon epitaxial wafer (hereinafter referred to as an epi-wafer) that has on a prescribed sS 

2 wh a 4f :9rOWn K 1 P,t ?' al ,ayer ' fe PrOVided for the fabrication * LSI and VLSI semiconductor devSfnd thefike 
and wh,ch is capable of capturing inside the wafer a variety of impurities acquired during various heat trStmente in Si 

Sff^ t0pr< ? UCe 3 P° st -wafering EG (Extrinsic-Gettering) effect in the wafer, and isTpSeof 

exhibiting a sufficient IG (lntr.ns,c-Gettering) effect even in a low-temperature device fabrica^on procel ftf^ndZ 

Sona^Xn* 9 ? OXy96n COncentration of •» single crystal to a prescribed level, and at the Tame tfme 

JSSSSES.^ * CO " Ce ?' ati ° n t0 9 PreSCribed hi9h ,evel - when a silicon si "9' e 's Pulled us^g 
the Czochralsk. method, or the magnet.c CzochralsW method (hereinafter referred to simply as the CZ method) under 

short ^oH CeSS, ? 9 ,i "5 f ' ike,y 38 n0t " iS SUbj6Cted t0 further 'ow-temperature annealing for a prSrmTni 
short penod of t.me, followed by mirror-finish polishing, and epitaxial growth. preaeiermmed 



DESCRIPTION OF THE PRIOR ART 



r fabr,cat,on of LSI ' VLSI and <*her device elements, generally, a silicon wafer sliced from a single-crystal 

d^ nf h ^f 9 ? 0 " °^ 8emloo « ,uctar devi «es in line with the raising of device chip performance and he SXna 

a^man^^ rem3r k bl6 ', ^ Pr ° 9reSS h3S b6en made in achi ^ hi 9 h ^ E£TdS5 

ana manufacturing costs have also risen abruptly in line therewith 

ITLore"^ *" I""? t0 the yield of final device P roducte has become stronger than 

Z c^L^^T, !; , °° n Wafer ' Wh,Ch iS * he Substrate of the devics ™« of course possess high-qS 

ZSttS^g^-*** of °° pin9 hi9h density devices - and - supp,y * lo ™- 

E? 04 # * ? I' Si ' iCOn wafers used in lar 9 e numbers in the above-mentioned application in the past after undemo- 
ZSr^T 9 h 'r 3 in 3°t ° f -con pulled using the S methS.' K £ Smmo^ o" S 

" de °?' y ^ " h * b66n to EG ProcessingVeXle^S 

effect SSSS (Backs,de-Damag e). excmer .aser or other processing, that could be expected to produce an EG 

ua rin? e me T° d SOlVin9 ^ Pr ° blem ° f IOwerin9 costs - that is - as a method for reducing the number of proc- 
S?™ « af erprocess,ng methods are being studied to replace the conventional EG-proafssS wafer mirroX 

n«v,ef JL es * 1,131 ISl non - EG -P roc essed wafers mirror-finished on both sides 

pS a m «H' S ; 38 3 01 bein9 3,3,8 10 ° mit the backside EG ^t™" 1 P roces s. which uses the BSD method and 
r« cause damage to a wafer backside by spraying it. for example, with an Si02 polishing soliSoTto <S> 

requ.red to implement the processing thereof, it is possible to achieve large cost reductions that enaM i ESSE 
processing costs to be reduced more than those for a conventional EG-process^ ^Zo^TJ^^ 
And at the same time, a wafer that is mirror-finished on both sides is also advantageous in tta Tanlc^vT hiont 

n^2cJ imi 'f ^r?* 16 ' meth0d for """"^et^no a low-cost wafer is a method, which, relative to conventional EG 
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backsides of wafers in the past. 

[0009] Since conventional high-temperature device processes have a relatively high Well-Drive process of between 
1 120°C and 1220°C. oxygen precipitation, which is a cause of BMD, occurs relatively readily during device processing 
heat treatment, and because sufficient BMD are formed for gettering device impurities in the bulk inside a wafer, IG 
such as N-IG (Natural-IG), which depends on EG, and DZ (Denuded Zone)-IG, have been widely utilized. 
[001 0] As for device processing of the future, it is clear that from now on progress will be made in lowering the tem- 
perature of processes thafuse design rule downscaling and high energy ion implantation in line with the move toward 
denser 256MB, 1GB integration, and in accordance with this lower temperature, the formation of BMD during device 
processing is expected to become difficult, making it impossible to achieve a sufficient IG effect. 
[001 1] In this way, although the amount of impurities generated in a device will be reduced somewhat in line with low- 
ering the process temperature, it is believed that the generation of heavy metal impurities from high-energy ion implant- 
ing and the like will be hard to avoid, and that gettering technology will be essential. 

[0012] Further, with regard to capturing heavy metal impurities using EG, it is inevitable that wafer precision, that is, 
high-precision planarity represented by flatness, warpage and the like, will be required more than ever for highly inte- 
grated devices of the future. In this case, if the high likelihood of the use of two-sided mirror-finished wafers capable of 
achieving high -precision planarity is taken into consideration, it is highly possible that EG-type gettering will not be 
applicable, and that it will become increasingly necessary to ensure gettering capabilities using IG. 
[001 3] Further, in the fabrication of a highly-integrated, high-performance device, high integrity is required of the crys- 
talline quality characteristics and electrical quality characteristics of the wafer surface and near surface layer that cor- 
respond to the active electrical area, which affects device reliability and yields. In particular, the integrity of the surface 
and near surface of the wafer will obviously be required for wafers slated for high-performance, highly-integrated D- 
RAM semiconductor devices typical of the so-called personal computers and game machines, demand for which is 
expected to increase rapidly ir; the future. 

[0014] Typical methods for solving this problem have coped by making the silicon wafer highly pure, and enhancing 
the integrity thereof so as to reduce the oxygen concentration Oi, which is incorporated into a wafer when the silicon 
single crystal is pulled, for example, by changing the Oi 14 ~ 16 x 10 17 atoms/cm 3 (OLD ASTM method) criteria to Oi 
9-11 x 10 atoms/cm 3 , and so as to reduce the carbon concentration Cs as much as possible by making every effort 
to prevent the mixing into this silicon single crystal of carbon, which is an impurity element that is utilized as the material 
of a carbon crucible and carbon heater, and other peripheral auxiliary members when pulling a silicon single crystal, for 
example, so that in an FTIR measurement, the carbon concentration is less than Cs 0.1 x 10 16 atoms/cm 3 (NEW ASTM 
method) (on the order of 10 14 when viewed through a highly-sensitive radioactivation analysis system). 
[001 5] Recently, as the trend toward ever more densely-packed devices progresses, measures for reducing the car- 
bon concentration Cs thereof are being viewed as extremely important, and methods for enhancing surface integrity by 
keeping the oxygen concentration Oi and carbon concentration Cs low, and, in turn, suppressing the generation of BMD 
(Bulk-micro-defects), which exist in the surface and near surface and cause device failure, and secondary defects gen- 
erated in line therewith, for example OSF (Oxidation-Induced-Stacking Fault) and the like, have been proposed. 
[001 6] However, it is fully anticipated that conventional methods alone for reducing oxygen and carbon concentrations 
such as these will not be able to cope with the higher-density, further downscaled device structures of the future. 
Accordingly, recently there has been a tendency to make frequent use of the epi-wafer as the wafer for D-RAM and 
other semiconductors. 

[001 7] That is, by comparison to a mirror-finished wafer, because the epitaxial layer of an epi-wafer has absolutely no 
device characteristic-degrading Grown-in defects (micro-defects generated in the process of pulling a silicon single 
crystal), extremely high quality surface integrity can be achieved. Further, it is also generally known that, when it comes 
to evaluating electrical characteristics, such as, for example, oxide layer breakdown voltage characteristics, which affect 
device characteristics, electrical characteristics, for example, the oxide layer breakdown voltage value, is greatly 
enhanced compared to a state in which there is no epitaxial layer. 

[0018] Up until now, in contrast to mirror-finished wafers, the epi-wafer has not been used much outside of special 
device applications due to cost factors. But due to the extreme difficulty of completely removing Grown-in defects in mir- 
ror-finished wafers, the likelihood of epi-wafers coming into full-scale use for more highly-integrated next-generation 
(256MB, 1GB, and beyond) devices is extremely high, and for this reason, as for next-generation (12-inch) and beyond 
large-diameter silicon wafers, the likelihood that epi-wafers will come into widespread use as substrates for devices can 
also be said to be extremely l iigh. 

[001 9] However, as mentioned above, in order for the epi-wafer, which is manufactured using as a substrate a lower- 
cost non-EG-processed wafer, that is, a two-sided mirror-finished wafer and a backside etched wafer, to be introduced 
into the device process, and to achieve high yields, it will be necessary to utilize some sort of method to furnish it with 
gettering capabilities for capturing impurities. 

[0020] That is, silicon manufacturers and device manufacturers alike are working to make their manufacturing proc- 
esses highly pure and highly clean, and the degree of in-process cleanness has been significantly improved compared 
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to what it was in the past. But because of the use of diverse heat treatments that utilize various gas environments during 
the device manufacturing process, certain levels of a variety of impurity elements are inevitably generated Conse- 
quently, there must be a mechanism that enables these impurity elements to be gettered in areas other than the wafer 
surface or near surface layers, which form the device active area 

EE? d, ,S,Tfh r !" y ' f menti0 "!? above ' an EG treatment P r °°ess is performed on the backside of an epi-wafer before- 
hand, during the wafer manufacturing process, to make [the wafer] gettering-capable for when impurities are generated 

St'il h T C h P ™ ess ' n9 Pr0C6SS - But 10 reali2e reduced ° roduction ««■ as rationed above, it is necessary to 

SET? m ♦ 6 f Pr ° CeSS - H0W6Ver ' Wh6n EG treatment P rocess is omitted - natura lly. Bettering capa- 
bilities relative to impurities generated within the device processing process are missing 

j£.? nP * 0386 * 3 ,ow - resistance P rod "«. which contains B (boron) in a high concentration within 
Sr^l m ? Presses a gettermg-capable mechanism, interacts with Fe (iron), for example, to form an Fe and B 
pair (Fe-B), and possesses a function that enables gettering in accordance therewith. However, there is no such Fe-B 
.rrteraction with impurity elements such as Mi (nickel), Cu (copper) and the like in high concentrations of 1 * 10 12 
atoms/cm for example. g.ving rise to a lack of gettering capabilities. The result thereof is deficiencies such as the deg- 
radation of device characteristics, and the reduction of device yields. 

[0023] As mentioned above, in a high-integration low-temperature process, since an extremely high quality device 
active area is essential an epi-wafer is used, and to achieve high-precision planarity, there is a high likelihood of a too- 

nZT^L Z r 3 US6d 35 thS SUbSfrate therefor - Further - ,G < BMD > is necessary to getter the various 
impurities generated in the device. 

[0024] However, when an epitaxial layer is grown on a silicon wafer substrate with a resistivity value of 0 m • cm or 
larger, due to the .nf luence of the heat history in accordance with the sudden rise in temperature associated with a proc- 
ess in the epitaxial growth process in which the temperature is increased, and a high-temperature pre-treatment proc- 
ess, a phenomenon occurs wherein the oxygen precipitates that are the source of BMD are shrunk or annihilated and 
thereafter, smce oxygen precipitation does not occur even when [the wafer] is subjected to a low-temperature device 
process impuntes generated by the device cannot be gettered. and as a result thereof, there occurs a degradation of 
device characteristics, and a reduction of product yields. uey>=raauon OT 

[ 0!!!* 5 !L FU , rther J! haS k? 8 " ascertained that even if a high-oxygen-content substrate (in which BMD is readily formed) 

TrrlT^J!!* a ? 3 T 6 - SUt T 5frate iS Ut, '" 2ed ' TOt mUCh BMD ' the 9**^ "»>"»• is ^med in accordance with 
2 s out e P ,tax,al 9 rowth « a a low-temperature process, and the IG effect cannot be expected 

S r a Ac ~ r ? ,n9,y ' a m * hod , in which BMD j s ensured in accordance with a method wherein, following epitaxial 
^?op [ i W f ferl 'f K 5 e ? ed to 'temperature annealing for a fong period, that is it is either ft*** at between 650 
7j«nJ« SJS . ~f « ' S he8tod by 9radUa " y increa sing the temperature from 650 to 900°C, is reported in 

♦ ^ 98884 BUt dU6 10 thS '° n9 annea "' ng fime - costs are h "9 e ' and in accordance with 

of production yields, brought on by the ready occurrence of defects due to boat scratches and the generation of partic- 
ulates during heat treatment, and handling problems. 

i?°?HJ?T Se f aterrt Laid-open No. 63-227026 reports a method, in which BMD is ensured by performing a 2- 
Sta^i^!S^^T B '7 '^P^e sealing + medium-temperature annealing after growing an epitax- 
1 J % 635 ° f 5 ~ 50fim 0n 9 Wafer that has been *»«* with a niah concentration of carbon (0.5 
is S'Zl r 0011 "? 0 " aCt ° r ' S 001 PrWided in this ° fficial Gazette - a def in «e value is not clear, but if this value 
io ? T e mncsnirafion in the detailed description, around 2.5 x 10 16 atoms/cm 3 ~ 7.5 x 

1 0 atoms/cm° can be assumed) during crystal pulling 

KlnH H ^ er ', eVen , I" a r th ° d th8t h6ightenS the concentration of carbon, as shown in the embodiment, a long 8 
il? ^ J ea treatment is reQuire d- costs are incurred, and. consequently, productivity is low. In acco?d- 
S £ I 3 * freatment fol,OWin9 epita5dal 9row,n - various P rob,ems can be expected from the stand- 

S^^h r^f - br ° U9ht ° n bV ready occurr ence of defects due to boat scratches and the generation of 
particulates dunng heat treatment, and handling problems generanon or 

y^innor^h!!! 58 P " LaU - 0 P en No - 3-50186 reports a method, in which BMD is ensured by heat treatment at 
uf°~ 900 ? < how ever the time range Is flat specified) prior to epitaxial growth, but with regard thereto if estimated 

ZZFaZ IT" 5 ^ ° f ? 6 "f 16 0B,CW Gazette ' rt 030 156 estimated tnat a ,on 9 heat treatment in excWofal 
least 4 hours is required, making this is a problem from the aspect of productivity 

[0030] Japanese Patent Laid-open No. 8-250506 proposes a method, in which epitaxial growth is performed after first 
carrymg out either 1-stage or 2-stage low-temperature annealing, and next, the ZntenaLtereo^Z^^ 
perature environment prior to epitaxial growth. But with this method, productivity clearly declines, and undeTS present 

5 T: 0051, StablS manufacture °< epi-wafers is required, this ^^XTpr^eZ 
£S lc r! 1 ' 0 " If- V,6Wed 38 P romisin 9 as a substrate capable of handling highly-integraied next-gen- 

3 l ^ 3 SUffiCi6nt ' G 6ffeCt W,th 3 'temperature device f process, and. as descrfbed 
above, although various approaches have been proposed, each suffers from problems from the standpoints of produc- 
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tivity, costs, and production yields. 

DISCLOSURE OF THE INVENTION 

5 [0032] An objective of the present invention is to provide an epi-wafer, and a manufacturing method therefor, which 
simplifies processing as much as possible in order to lower epi-wafer costs, and which improves gettering capabilities 
relative to various impurities during wafer device processing without performing any treatment that could be expected 
to result in a post-wafering EG effect. 

[0033] Further, with the foregoing epi-wafer gettering (IG) problems in view, another objective of the present invention 
w is to provide a silicon epi-wafer. and a manufacturing method therefor, which simplifies processing as much as possible 
in order to lower costs, and is capable of demonstrating a sufficient gettering effect (IG) even in a low-temperature 
device manufacturing process of less than 1080°C in epi-wafer device processing, without performing any treatment 
that can be expected to result in a post-wafering EG effect. 

[0034] The inventor did studies on furnishing an as-pulled silicon wafer with gettering capabilities, having as an object 

15 a method that enables wafer gettering capabilities to be improved, without performing any treatment that could be 
expected to result in a post-wafering EG effect. As a result, it was learned that, for a silicon single crystal, which was 
grown using the CZ method so as to make the oxygen concentration relatively high, and to intentionally make the car- 
bon concentration high, outstanding gettering capabilities were exhibited by the wafer itself, without carrying out an EG 
treatment, and the present invention was accomplished. 

20 [0035] Further, the inventor conducted various studies on furnishing an as-pulled silicon wafer itself with gettering 
capabilities, having as an objective the manufacture of an epi-wafer capable of demonstrating a sufficient gettering 
effect (IG) even in a low-temperature device manufacturing process of under roughly 1080°C, without performing any 
treatment that could be expected to result in a post-wafering EG effect. As a result, it was learned that after slicing into 
silicon wafers a silicon single crystal, which was grown using the CZ method so as to [achieve] a specified oxygen con- 

25 centration, and to intentionally make the carbon concentration high, in accordance with annealing at low-temperatures 
for a short duration, even an epi-wafer exhibited sufficient gettering (IG) capabilities, even in low-temperature device 
processing, without carrying out an EG treatment, and the present invention was accomplished. 
[0036] More specifically, ir. general, numerous oxygen precipitate nuclei, which are capable of constituting sources 
for capturing impurity elements, are scattering inside a silicon single crystal grown using the CZ method. These oxygen 

30 precipitate nuclei are introduced during the process of growing a silicon single crystal, and the greater the oxygen con- 
centration, the more numerous the scattered oxygen precipitate nuclei. Conversely, with regard to carbon, although the 
mechanism therefor is not claar, the higher the carbon concentration, the more readily precipitation occurs, and 
because the covalent radius of a carbon atom is nearly 40 percent smaller than the covalent radius of a silicon atom, it 
is believed that crystal lattice strain could occur in accordance with this covalent radius variance, but nothing definite is 

35 known. 

[0037] With regard to carbon, it possesses a so-called catalytic effect, a precipitation promoting action, which enables 
the fostering of oxygen precipitation, and the greater the carbon concentration, the larger the achievable oxygen precip- 
itation fostering effect. Utilizing a silicon single crystal that was pulled at a specified oxygen concentration while inten- 
tionally controlling the carbon concentration to make it high during the growth of a silicon single crystal via the CZ 

40 method, after slicing the silicon wafers, annealing was performed for a short duration at a low temperature, and there- 
after, in accordance with growing an epitaxial layer on either a two-sided mirror-finished wafer, or a one-sided mirror- 
finished wafer, without performing any EG treatment process, and manufacturing an epi-wafer, high-precision planarity 
was achieved at a low-cost, and it was possible to ensure BMD nuclei that were not annihilated even when subjected 
to the heat history at epitaxial growth. As a result thereof, it was possible to furnish gettering capabilities (IG) relative to 

45 the various impurities in device processing, and it was possible to achieve, even in a low-temperature device process, 
an epi-wafer that possesses sufficient gettering capabilities (IG). 

BRIEF DESCRIPTION OF THE DRAWINGS 

so [0038] 

Fig. 1 is a heat pattern diagram showing the epitaxial growth treatment process; 

Fig. 2 is a heat pattern diagram showing heat treatments equivalent to device processing; 

Fig. 3 is a graph showing the relationship between the initial oxygen concentration Oi and the percentage of units 
55 with good oxide layer breakdown voltage characteristics Yield when doping is performed using Ni elements and the 
heat treatment of Fig. 2 is performed, and depicts a case when the carbon concentration is less than Cs 0.1 x 10 16 
atoms/cm 3 . The circles in the figure represent one-side mirror-finished wafers subjected to EG, and the triangles 
represent two-side mirror-finished wafers not subjected to EG, with white symbols (both circles and triangles) indi- 
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eating no dopant, and black ones indicating dopant; 

R t 4 '*J Qra f h , Sh ° Wing thS relationshi P between initial oxygen concentration Oi and the percentage of units 
StCTenf H% ^f^TT Characteristics Yie,d ^ toping is performed using £ elements and «S 
? It p , erformed ' and de P icte a case when the carbon concentralion is Cs 0.5 x io« 
atoms/cm The circles in the f,gure represent one-side mirror-finished wafers subjected to EG and the trianoles 
represent fcvo-s.de mirror-finished wafers not subjected to EG, with white symbols (both dM^m££ZZ& 
eating no dopant, and black ones indicating dopant; mangles; inch- 

F JL 5 ^ 9r ?P h . Sh0Win9 the relationsni P betw een the initial oxygen concentration Oi and the percentace of units 
Sfr^r^ 5? br ^ kdown ^ ,ta 9 e characteristics Yield when doping is performed using (S elements and 52 

atom^Thl I P f° rmed - and d6piCtS 9 0356 when the «*»" concentration is Cs 5.0 * io« 

atoms/cm The circles in the figure represent one-side mirror-finished wafers subjected to EG and the trianales 

eating no dopant, and black ones indicating dopant; " 
w!?h !L!lJ5?, Sh °T 9 I? relati ° nshi P between the initial oxygen concentration Oi and the percentage of units 
o7 Fi n * T° Characteristics Y ' e,d whe " d °P-S * Performed using Ni elements andSe 
^SS^L • 9 " 1! P erformed > and d ePi«s a case when the carbon concentration is Cs 20 x 10 1 * 
atorns/cms. The circles in the figure represent one-side mirror-finished wafers subjected to EG and the trianales 
represent fcvo-s.de mirror-finished wafers not subjected to EG. with white symbols (both d^JStS£^ 
eating no dopant, and black ones indicating dopant; ™ang.es; indi- 

Fig. 7 is another heat pattern diagram showing the epitaxial growth treatment process- 
Fig. 8 is another heat pattern diagram showing heat treatments equivalent to device processing- 
wrth loJl S.f 0W t n9 't! re,ati0 " sni P between ^e initial oxygen concentration Oi and the percentage of units 
^^fS^STSSZ^ c ^ racterist ^ Yield when doping is performed using Cu elements and 
lS« T£ fn 5 ** 1 ^ dSPICte 3 0356 Whe " the Carbon concentration is less than Cs 0.1 x 
h?h~ ?^ T ' Th ! 4 c,rcles ,n the f, 9 ure present one-side mirror-finished wafers not subjected to EG with white 
circles indicate no dopant, and black ones indicating dopant- 

F S. 10 ^ 3r T, Sh0Win9 4,16 relationsni P between the initial oxygen concentration Oi and the percentage of units 

?ff*2£55 T 9 L ° haracteristics ™ d d °P-9 - performed using" C^etmems anl 

atorSn^? ° f ^ '?. P erform ed, and depicts a ease when the carbon concentration is Cs 0.5 x 10 1 * 

T 9UrS repr6Sent °" e - side ^^or-finished wafers not subjected to EG with white cir- 

cles indicating no dopant, and black ones indicating dopant- 

wS loi^S i a t?T n9 ST relat '° nShip b6tWeen 106 initial ^S 6 " concentration Oi and the percentage of units 

l^t^S? fT^T ^ cha l acteris t'cs Yield when doping is performed usin£ Cu elements and 

I^ tS ? 9 i I performed - and d ePicts a case when the carbon concentration is Cs 5 0 x 10 16 

~ ™ 6 °h 65 * he f ' 9Ure represent one " si de mirror-finished wafers not subjected to EG wrth whrte cir- 
cles indicating no dopant, and black ones indicating dopant" wn,te cir 

wr?h ^JE?! ShC T n9 If relationsni P between ^e initial oxygen concentration Oi and th« percentage of units 
th! ho ^ f! ,a * er b ' eakdown volte 9e characteristics Yield when doping is performed usng Cu elements and 

^maT f F,9 ; h 8 J Perf ° rmed ' and depiGtS a «» ^ » e «*" concentrstio'n is Cs 20?io^ 
atoms/cm The circles in the figure represent one-side mirror-finished wafers not subjected to EG with white cir- 
cles .nd.cating no dopant, and black ones indicating dopant- 

SLlSif 9ra f h St !T in9 the relationsni P between BMD density and the percentage of units with good oxide layer 
breakdown voltage characteristics Yield, the circles in the figure represent less than Cs 0.1 x tf^tonSo^Z 
tan*, represent Cs 0.5 x 1 0 « atoms/en^, and the squares represent Cs 20 x 10^ atoms/cm* wZS S ym 
bols (circles tnangles and squares) indicating no dopant, and black ones indicating dopant- ' * 
Pig. 14 is a heat pattern diagram showing an epitaxial growth treatment process 

Fig. 15 is a low temperature-type heat treatment heat pattern diagram, which is equivalent to device processina- 
S J J^ 9raP f T" 9 ^ relationshi P between oxygen concentration and BMD d^SSSSSS^ 

^lULl^^Tj" 3 the relationsni P between oxygen concentration and BMD density following low-temoer- 
dS f'Tlh T 1 ' Wh6n 3 SUbSfrate " aS been sub i ected to various 'ow-temperature aSnSinTand 

Si! f ?T Ca ^° n concent « ,ton is le ss than the minimum detectable limit of 0.1 x 10^ atom Jem" 
Fig. 18 is a graph showmg the relationship between carbon concentration, oxygen concentration and BMD^densitv 
following low-temperature processing heat treatment; and ceniration, and BMD density 

Fig. 19is a graph showing the relationship between generation lifetime in accordance with Ni element imourities 
the carbon concentration of the substrate, and the presence or absence of low-temperature ZS^SSS^ 
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BEST MODE FOR CARRYING OUT THE INVENTION 



[0039] In the present invention, a silicon single crystal, which is the target [of the present invention], is characterized 
in that it is grown by the known CZ method, and is not subjected to any treatment from which an EG effect can be 
expected. 

[0040] A first invention is characterized in that it improves the gettering capabilities of a wafer which has been pol- 
ished on either one side or two sides, and on which an epitaxial layer has been grown, without performing any treatment 
that can be expected to result in a post-wafering EG effect, by controlling via a known control method the oxygen con- 
centration Oi in the range of 12 ~ 27 x 10 17 atoms/cm 3 , and simultaneously controlling the carbon concentration (Cs) 
in the range of 0.5 ~ 32 x 1 0 16 atoms/cm 3 by the intentional addition of pure carbon, while growing a silicon single crys- 
tal. 

[0041 ] Therefore, no treatment that can be expected to result in an EG effect is performed on the targeted silicon sin- 
gle crystal, but, as shown in the following embodiment, the joint use of an IG method, such as gettering, whereby an 
Fe-B pair is formed via B doping, is desirable for improving heavy meta! gettering capabilities. Further, it was ascer- 
tained that the same operating effect of the present invention also worked on a silicon single crystal which underwent 
P doping similar to the B doping. 

[0042] Further, a second invention is characterized in that it is capable of improving the gettering capabilities of an 
epi-wafer, which has been polished to a mirror finish on either one side or two sides, and on which an epitaxial layer has 
been grown, even in the low-temperature device processing thereafter, without performing any treatment that can be 
expected to result in an EG effect, by controlling via a known control method the oxygen concentration in the range of 
12-18x10 atoms/cm 3 , and at the same time intentionally controlling the carbon concentration in the range of 0.3 
- 2.5 x 10 atoms/cm , while growing the silicon single crystal, and. after slicing into silicon wafers, by performing 
annealing for a short duration of greater than 15 minutes but less than 4 hours at a temperature of between 600 - 
900°C. 

[0043] The second invention clarifies the fact that a sufficient gettering effect (IG) can be achieved in accordance with 
the above-described method even in an epi-wafer with a resistivity value of more than 0.1 a • cm. even under heat treat- 
ment conditions equivalent to low-temperature device processing of a pattern like that shown in Fig. 15. and is charac- 
terized in that pure carbon is purposely added during pulling, and after slicing into silicon wafers, annealing is performed 
for a short duration at a low temperature, [This second invention] is a novel invention that enables the production of a 
low-cost epi-wafer. is fully applicable to low-temperature device processing as well, and differs from all the above- 
described conventional processing methods as to oxygen concentration, carbon concentration, and resistivity value of 
the silicon single crystal, and the heat treatment implementation process, and temperature, duration thereof. 
[0044] The above-described present invention has as an objective improving gettering capabilities relative to the var- 
ious impurities associated with wafer device processing, and providing a wafer at low cost by simplifying processing as 
much as possible by not performing any treatment that can be expected to result in a post-wafering EG effect [The 
present invention] provides an epi-wafer, on which a film is formed on a required surface via epitaxial growth for supply 
to high-integration device processing, and provides as an epi-wafer a backside etched wafer, a one-sided mirror-fin- 
ished wafer, and a two-sided mirror-finished wafer, which has undergone either known etching or mirror finish polishing 
for achieving the prescribed planarity, and is capable of realizing extremely high-precision planarity with a two-side mir- 
40 ror-finished wafer. 

[0045] In the present invention, the oxygen concentration and carbon concentration are increased to promote the gen- 
eration of BMD and the like, which is an oxygen precipitate. In other words, it causes the degradation of the integrity of 
a [wafer] surface and near surface. However, because the high -temperature H 2 environment of an epitaxial growth treat- 
ment process greatly reduces, by roughly 1 order of magnitude or more according to SIMS analysis, the oxygen con- 
centration required to grow these BMD in a region between several and several tens of jim from the wafer surface, 
the environment that enables the generation of BMD is eliminated, and an effect that annihilates BMD is achieved, thus 
preventing the degradation of the integrity of the [wafer] surface and near surface. 

[0046] In the first invention, the range of the oxygen concentration Oi is limited to 12 - 27 x 10 17 atoms/cm 3 (OLD 
ASTM method). It was ascertained that there are also wafers that exhibit a gettering effect even with an oxygen con- 
centration in the vicinity of Oi 0.5 x 10 17 atoms/cm 3 in accordance with combining with the carbon concentration Cs 
content, but with a view also tcward reliability and stable repeatability, [oxygen concentration] was set at over 12 x 10 17 
atoms/cm , and the upper lim* was set at 27 x 10 17 atoms/cm 3 , which is the maximum value that can be incorporated 
into a silicon single crystal. 

[0047] Further, the range of the carbon concentration Cs is limited to 0.5 -32 x 10 16 atoms/cm 3 (NEW ASTM 
method). It was ascertained that there are also wafers that exhibit a gettering effect even with a carbon concentration 
in the vicinity of Cs 0.3 x 10 16 atoms/cm 3 in accordance with combining with the oxygen concentration Oi, but with a 
view also toward reliability and stable repeatability, [carbon concentration] was set at over 0.5 xio 16 atoms/cm 3 , and 
the upper limit was set at 32 x 10 16 atoms/cm 3 , which is the maximum value that can be incorporated into silicon' 
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[0048] In the second invention, the range of the oxygen concentration is limited to 12 - 18 x 10 17 atoms/cm 3 The 
inventors ascertained that there are also wafers that exhibit a gettering effect even with an oxygen concentration in the 
vicinity of 1 1 x 10 atoms/cm 3 in accordance with combining with the carbon content, and the implementation of low- 
temperature annealing for a long duration, but with a view also toward reliability, stable repeatability, and productivity 
thejoxygen concentration] lower limit was set at 12 x 10 17 atoms/cm 3 . Further, with regard to the upper limit of 18 v 
10 atoms/cm . although there are no problems even in the vicinity of 27 x 10 17 atoms/cm 3 , for example which is the 
maximum value that can be incorporated into a silicon single crystal, 18 x 10 17 atoms/cm 3 was set as the upper limit 
for reasons of control stability when pulling a silicon single crystal, ready modification and applicability to other types of 
products, and the fact that it is the upper limit specification utilized for substrates for ordinary semiconductor devices. 
[0049] Further, the range of the carbon concentration Cs is limited to 0.3 x 1 0 1 6 atoms/cm 3 - 2.5 x 1 o 16 atoms/cm 3 
The inventors ascertained that there are also wafers that exhibit a gettering effect even with [a carbon concentration] in 
the vicinity of 0.2 x 10 16 atoms/cm 3 in accordance with combining with the oxygen content, and the implementation of 
low-temperature annealing for a long duration, but with a view also toward reliability, stable repeatability, and productiv- 
ity, the lower limit of [carbon concentration] was set at Cs 0.3 x 10 16 atoms/cm 3 

[0050] With regard to the Cs upper limit of 2.5 x 10 16 atoms/cm 3 , there are no problems, for example, even in the 
vicinity of Cs 32 x 10 16 atoms/cm 3 , which is the maximum value that can be incorporated into a silicon single crystal 
But because the segregation coefficient of carbon is an extremely small 0.07. when pulling a silicon single crystal the 
va ue of the inrtally-pulled portion (top) differs by as much as 3 - to 5-fold with that of the latter stage (bottom side) the 
value of the carbon concentration in general, and when the value of the bottom side is extremely large, for example. Cs 
15 x 10 atoms/cm 3 or Cs 25 x 10 16 atoms/cm 3 , it is a known fact that a break will occur part way along a crystallo- 
graphic axis when pulling a silicon single crystal, and [the silicon] is not pulled as a single crystal. It is recognized that * 
puHing yield will be reduced as a result thereof, and further, due to the fact that there is no significant difference in the 

8 i'Sf qU ^6 B 9 ^ 8Ct between when the cart >° n concentration is set at 10 x 10 16 atoms/cm 3 , and when it is set 
at 2.5 x I0 1b atoms/cm 3 , the upper limit was set at Cs 2.5 x 10 16 atoms/cm 3 . 

[0051] Further, with regard to the annealing temperature for the present invention, as is known from classical nude- 
ation theory, and from experiment results using various standard samples, temperatures up to 600°C are not desirable 
because a long duration heat treatment is required to grow oxygen precipitate nuclei large enough that the effects of 
the heat history of an epitaxial growth process will not shrink the size of the BMD nuclei. Conversely, temperatures in 
"^J? ^ t0 ° hot ^'^"fy dense oxv gen precipitate nuclei are not generated, and the effect thereof is not 
achieved. [The temperature] is thus set at more than 600°C and less than 900°C. 

t00S ? ♦it,** a " nealin9 time - ^"se annealing of at least more than 15 minutes is required to achieve a BMD of 
over 3 x lo j/cm ] a sufficient density for gettering even in low-temperature processing at the above-described temper- 
ature conditions, the lower limit was set thereat, and the upper limit was set at 4 hours because that is the time required 
to achieve sufficient density for gettering when using the respective minimum values for the above^Jescribed oxygen 
OTncentratron and carbon concentration, and because longer than that is not desirable when productivity is taken into 

W053] Furthermore, the resistivity value of the silicon wafer that constitutes the epi-wafer substrate is not limited in 
particular, but as described above, for highly-integrated devices typified by D-RAM, N-IQ. which relies on PBS BSD and 
' % 1 Ut "' Zed °" the substrates therefor - and most of these substrates have a resistivity value of over 
^£^22 S «T 9 9 !u e l! n9 deficienc y resu,tin 9 from epitaxial growth occurs in a substrate of over O.m - cm 
hSUS L k ?! ^ ° f Present invention for a si,icon wafer witn a resistiv "y value larger than that 

2S£2^£T^*h Furtherm ° re ' •» t resistivi * ^ "PP* utilized for these substrates differs in 
accordance with the device, and .s around several tens of fi • cm. and since a significant difference in gettering capa- 

SS.?!^ Ot ^ rertat0 m ° cma ^ several of n-cm.no particular upper limit is es^ 

ST? 1 J^"??!'* Wit H re9ard t0 [a r6SiStiVity valueI 01 less * an 0 1n " m - ultra - |ow resistance substrates, designed 
mainly for the latch-up effect, have been utilized for some time as epi-wafer substrates, and the value thereof for exam- 

c° U h J " " Cm - And for 3 ™* Sin9 ' e av&al t0 wnich B has been added - oxygen p^> 

rtaton ,s abnormally promoted by the effect of the high concentration of B. so that even the thermal history of an 

Si 9 n^n r ° CeSS 2? eff6Ct ' pre - e P itaxial 9 rowth annealing at low temperatures is not performed, the tormina 
nec fssary for gettering in a low-temperature process means IQ deficiency is not a problem, and the 
method of the present invention can be suitably applied as needed. 

EMBODIMENTS 

EMBODIMENT 1 

^rrL^ } ^^ when growing an 8-inch diameter silicon single crystal using the CZ method, and a silicon 
s,ngle crystal, hav.ng the various characteristics of a substrate resistivity value ps of 0.004 -0.010[n • cm], an oxygen 
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concentration Oi of 8.4 ~ 22[x 10 17 atoms/crn 3 ], and a carbon concentration Cs of 0.1 ~ 20[x 10 16 atoms/cm 3 ], was 
grown. 

[0056] After growing a 3\im epitaxial layer via the epitaxial growth process shown in Fig. 1 on a one-side mirror-fin- 
ished wafer, which utilized this silicon single crystal to process a wafer having EG, which was subjected to a 5000A PBS 

5 growth treatment on the backside, and an 2 standard samples that were mirror-finished on two sides, a spin coater was 
used to quantitatively dope the front side of the wafer with roughly 1 x 10 12 atoms/cm 2 each of Ni r Fe, and Cu elements 
separately, after which the impurities were diffused inside the wafer by a heat treatment at 1 000°C for 60 minutes. Then, 
after preparing each of the standard samples, which were not doped in any way, [the wafers] were subjected to simu- 
lated heat treatments equivalent to device processing, The implemented heat treatment pattern is shown in Fig. 2. 

io [0057] After applying an oxide layer (250 A) to these samples, and preparing a Poly-Si electrode MOS, the oxide layer 
breakdown voltage was measured. [This measurement] is a typical procedure for evaluating electrical characteristics, 
and readily reflects the correspondence with characteristic yields in actual device processing. In this oxide layer break- 
down voltage characteristics evaluation, device processing was also deemed to be problem free for a sample, for which 
the percentage of the yield exceeded 70%. Examples of experiment results are shown in Fig. 3-Fig. 6. 

15 [0058] Furthermore, setting the dopant at 1 x 1 0 12 atoms/cm 2 here was decided based on the fact that, as mentioned 
above, device manufacturers are also striving to improve the degree of in-process cleanness, and the amount of impu- 
rities generated has been reduced considerably compared to what it was in the past, and in view of the results obtained 
via evaluations and the like at a plurality of device manufacturers, the upper limit of the amount of process generated 
impurities at present is 1 x 10 12 atoms/cm 2 . Similarly, with regard to impurity elements, the probability of the above- 

20 mentioned 3 elements being generated is clearly high, andpmpurities] were limited to these 3 elements. 

[0059] Fig. 3, Fig. 4, Fig. 5 and Fig. 6 depict the relationship between the oxygen concentration Oi for each carbon 
concentration Cs level and the percentage of the Yield at the oxide layer breakdown voltage characteristics evaluation 
for samples, which, after having an epitaxial layer (pretreatment conditions: 1200°C/100 sec, DEPOSITION conditions: 
3nm • pepi2H • cm at1050°C) grown on each of the EG-furnished one-side mirror-finished wafer, and two-side mirror- 

25 finished wafer samples, were doped using Ni elements, and were subjected to the low-temperature device processing- 
equivalent simulation heat treatment of Fig. 2. 

[0060] As for a silicon single crystal pulled for use as prime wafers, for some time now the carbon concentration Cs 
level has generally been held down and reduced as much as possible during pulling to make the silicon highly pure. 
Consequently, the carbon concentration Cs contained in a wafer is at a level less than 0.1 x 10 16 atoms/cm 3 , which is 
30 the minimum detectable limit value of measurement equipment. Fig. 3 shows an example of the relationship between 
the oxygen concentration Oi and percentage of good units Yield when using a sample, for which the carbon concentra- 
tion Cs level is less than 0.1 x 10 16 atoms/cm 3 . 

[0061] In the case of a one-side mirror-finished wafer that has undergone EG processing, it was shown that the per- 
centage of the Yield was high for all samples, from those with low oxygen concentration Oi to those with high oxygen 
35 concentration Oi. regardless of the difference associated with whether or not [the sample] was subjected to Ni doping. 
It is believed that since a PBS treatment process, which makes impurity gettering capabilities possible, was performed 
on the backside of the wafer, the impurity elements were gettered thereat. 

[0062] Conversely, in the case of a two-side mirror-finished wafer that has not undergone EG processing, it was 
shown that the percentage of good units Yield was high, from those [samples] with low oxygen concentration Oi to those 
40 with high oxygen concentration Oi, when there was no doping. However, when doping was performed, the percentage 
of the Yield was seen to decline, and this tendency conspicuously emerges when the oxygen concentration of the wafer 
is lowered. In this case, it is believed that the oxygen precipitate nuclei, which function as the gettering capabilities, 
could not capture all of the impurities because the amount of gettering capabilities thereof is small for a low oxygen con- 
centration Oi sample. 

45 [0063] Fig. 4, Fig. 5 and Fig. 6 show the results of research on the relationship between oxygen concentration Oi and 
the percentage of good units Yield when using samples, for which the respective Cs content is controlled to 0.5, 5 and 
20 x 10 16 atoms/cm 3 . 

[0064] For a one-sided mirror-finished wafer that has gettering capabilities on the backside, it was shown that the 
results are the same as when the above-mentioned carbon concentration is less than Cs 0.1 x 10 16 atoms/cm 3 , and 

so that the percentage of the Yield is high, regardless of whether or not there is doping. 

[0065] Further, for a two-sided mirror-finished wafer as well, it was ascertained that the percentage of good units Yield 
is high when there is no doping, regardless of the difference in the level of carbon concentration Cs. Conversely, when 
doping was performed, it was. rscertained that, in accordance with using samples in which the level of the oxygen con- 
centration Oi and carbon concentration Cs was controlled, a percentage of the Yield equal to that of a one-sided mirror- 

55 finished wafer having gettering capabilities on the backside is exhibited, and the reduction of the percentage of the Yield 
can be held in check. 
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EMBODIMENT 2 



[0066] Boron was added when growing an 8-inch diameter silicon single crystal via the CZ method, and a silicon sin- 

s 2 Mn^ "S f^" 9 ♦ C ? a T eri !? C8 ° f 3 SUbStrate resiStivity va,ue P s of 1 0 ~ 2 -5f« • cm], an oxygen concentration Oi 

s of 10 - 22|x10 7 atoms/cm 3 ], and a carbon concentration Cs of 0.1 ~ 20[x10 16 atoms/cm 3 ], was prepared After using 
th.s s.l.con angle crystal to prepare a one-sided mirror-finished wafer, which had not been subjected*, any EG trSt 
merit process on the backside, and growing a Sum epitaxial layer via the process shown in Fig. 7, a sample which was 
SIS"!* P ' n9 USm9 3 procedure similar 40 that of Embodiment 1, and 2 standard samples, which were not sub- 
jected to doping, were prepared, respectively, following which, [the samples] were subjected to simulated heat treat- 

io ments equivalent to device processing. The implemented heat treatment pattern is shown in Fig. 8. Further the oxide 
layer breakdown voltage for these samples was measured via the same method as that of Embodiment 1 Fig 9 - Fi Q 
12 show examples of the experimental results thereof. ' 
[0067] Fig. 9 Fig. 10, Fig. 11, and Fig. 12 show the relationship between the oxygen concentration Oi for each carbon 
concerrtration Cs level and the percentage of good units Yield at the oxide layer breakdown voltage characteristics eval- 

is uatjon for samples, which, after having an epitaxial layer (pretreatment conditions: 1150°C/300 sec DEPOSITION 
(deposition) conditions; 5^m . pepi2n • cm at 1 1 00°C) grown on a one-side mirror-finished wafer not suttected to an EG 

S^ea^ 

on W ! B l ,r i9 u 9 Sh0WS an examp,e ° f the relationsni P between oxygen concentration Oi and the percentage of good 
20 units Yield when usrng a sample, for which the carbon concentration Cs level is less than 0.1 x 10 16 atoms/cm 3 For 
samples not subjected to Cu doping, it was shown that the percentage of good units Yield is high for all [samples] from 
the low oxygen concentrate samples to high oxygen concentration samples. However, for samples subjected to Cu 

SSiS* Percenta9e 0f units Y,eld is 9 reat| y reduced compared to that of undoped samples. It was shown that 
this tendency is conspicuous for samples on the low oxygen concentration Oi side, in particular 

25 SSL™' 5 f^Jf th3t the u iS 3 re ' ati0n 10 thS Qxy9en P reci P^e nuclei that exist in a wafer. That is. the oxygen 

£ r? P TT Cti ° n f ° r CaPtUring impumeS 6X151 in 9reater numbers in a °n the high oxy- 

gen concentration O, side than in a sample on the low oxygen concentration Oi side. This difference in the quantity* 
oxygen precipitate nude, is reflected in the amount of impurity elements capable of being captured, and it is believed 
tort i as a result thereof the extent of reduction in the percentage of good units Yield waslessVor samples on 

°^!r^ ncertraton0 '^ 

InnVhL « 1 i F ' 9 " ! 1 ' "? Fi9 " 12 Sh ° W the rSSU,ts 61 researcn on lhe relationship between oxygen concentration Oi 
Si to o% W ° , f? n YWd £» en usin9 for «he level of carbon concentration Cs was con- 

^2^^?°"^; 1° atoms/cm3 ' and20 * 1 ° 16 atoms/cm 3 , respectively. Forsanples. which were 
^L 9, OXlde ' ayer breakdown volta 9 e characteristics were high for all sample levels, regardless of the 
rT 6 " * e ° xy9en concentration Oi level and the carbon concentration Cs level, and no degradation was 
observed. Conversely, for samples subjected to doping, a reduction in the percentage of good units Yield was observed 

T^Z°^T Tt en i!T' 0n ?, Side ' t0 « hBn m&e was no d °P in9 " However - *«• reductions in the per- 

SSZZEOZ h t0 be ° bserved in ,ine •»» heightening of the oxygen concentration Oi and the 

heightening of the carbon concentration Cs. 

,S beli6Ved t0 b i 8 'T 11 ° f the 0Xy9en ******* nuclei, which possess the function for capturing impu- 
and tZ^JET V" L" 6 hei9htenin 9 * ^e level of the oxygen concentration Oi. as described above, 

and simHarly. of the effect, whereby the heightening of the carbon concentration Cs enables the promotion of the aen 

m^ZT ^ P T Prtate nUdei - and ° f combination of these 2. oxygen concJJSSZS and ca?oon 
%^1!Z^T I 96 """ 9 fUnCt0nS ' Therefore ' t0 preverrt the reducti ° n of the percentage of good units 
Yield as described above, it is necessary to cause to a certain extent the high«Jensity generation cf oxygen preciprtate 
EUS,™ thS combination of oxva en concentration Oi and carbon concentration Cs Precipitate 
52. nf'K 13 * ,us * ates , an exarn P |e of the relationship between oxide layer breakdown voltage characteristics and 
ST a STSE?" (,nterna ' BM ° density) - After c,eavina ^e various samples described above into rector 
hS^'h 1 9 P 58 waS P erforrned usin 9 a selective etching solution (Wright solution) and the densftv of 

%S£",2*~ CrySta ' defeCtS acfera '^ed thereby was measured using an optical microscope ^ 
2£2Jfv ,!? ''I" 8 ™ 68 *"» relat, ' on between the percentage of units with good oxide layer breakdown voltage char- 
acteristics Yield and internal BMD density in accordance with the presence or absence of doping for all samples which 
ted carbon concentrations Cs of less than 0.1 x io« atoms/cm 3 . 0.5 x 1 0 « atoms/cm 3 , and 20x ?»S JZErf^S 

un7 Z^£^ t0n \?l- " 3 r6SUlt fof 8301,3168 not Sub ' ected to d °P in 9' the percentage of good 

SShffHT? 8 " eXtent rt BM ° d6nSity - Converee, y. t°r samples subjected to doping, a strong cor- 
relation with BMD density was observed, and it was ascertained that even in cases were impurities exist it is possible 

° f P6rCen n a9e ° f ^ Y,eid by USi " 9 Samp,eS - for *** °^en conceniration oltd 
carbon concentration Cs were controlled, and internal BMD density is not less than consistent 
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EMBODIMENT 3 

[0074] B (boron) was added when growing a 6-inch diameter silicon single crystal via the CZ method, and silicon 
wafers were sliced from the silicon single crystal, which was pulled by controlling the substrate resistivity value at 7 ~ 
10Q - cm, and the oxygen concentration to 1 1 f 12, 14, 15, 16, 18 and 19 x 10 17 atoms/cm 3 , respectively. After growing 
a 4^im epitaxial layer on these substrates via the epitaxial growth process shown in Fig. 4, a simulation heat treatment 
equivalent to low-temperature device processing was implemented. The implemented heat treatment pattern is shown 
in Fig. 15. 

[0075] After cleaving these samples into rectangular shapes, a 2.0*im etching process was performed on one side 
using a selective etching solution (Wright solution), and the density of BMD and other crystal defects actualized thereby 
was measured using an optical microscope. Fig. 16 shows the results thereof. 

[0076] As shown in Fig. 1 6, an increase in BMD density is observed as ihe oxygen concentration of the silicon wafers 
constituting the substrates rises. However, the 3 x 10 8 [/an 3 ] BMD density required as IG capabilities is not achieved 
even when, for example, the oxygen concentration is 19 x 10 17 atoms/cm 3 , confirming that the desired BMD density 
cannot be achieved simply by raising the oxygen concentration. 

[0077] Furthermore, the reason for setting the BMD density required for IG capabilities at 3 x 10 8 [/cm 3 ] here is that 
this is the density indicated from the results of carrying out post-epitaxial growth spin coater doping using Fe, Ni, and 
Cu elements, and thereafter, implementing under several conditions simulation heat treatment equivalent to low-tem- 
perature device processing, studying the measured BMD density, and oxide layer breakdown voltage characteristics 
and generation lifetime characteristics resulting from MOS C-t, and analyzing the respective correlations thereof. 
[0078] Silicon wafers sliced from a silicon single crystal, which was pulled in accordance with the above-described 
specifications, were subjected to low-temperature annealing within a temperature range of 550 - 950°C for between 4 
~ 1 2 hours, followed by mirror finish polishing, after which, epitaxial growth was used to grow an epitaxial layer, an etch- 
ing process was performed, and BMD density was measured. The results thereof are shown in Fig. 1 7. 
[0079] As shown in Fig. 1 7, very little increase in BMD density is observed even in high oxygen concentration samples 
subjected to low-temperature heat treatment for 4 hours under conditions of 550°C and 950°C. It can be inferred, that 
under these temperature conditions, not much of an increase in the density thereof can be achieved even if subjected 
to further [heat treatment] for a long duration (for example, 12 hours). 

[0080] Conversely, when low-temperature annealing is performed for 4 hours under temperature conditions of 600 - 
900°C, it is possible to ascertain an increase in BMD density compared to situation of Fig. 16 described above, in which 
there was no low-temperature annealing. However, it was learned that, with the exception of a portion of the high oxy- 
gen concentration samples, the desired BMD was not achieved, and the desired IG capabilities could not be realized 
using low-temperature annealing alone. 

[0081] Further, when long-duration 12-hour annealing was performed, it was possible to achieve the desired BMD 
density with a substrate oxygen concentration of 12 x 10 17 atoms/cm 3 or higher. But when cost-savings and productivity 
are taken into consideration, a long-duration heat treatment like this is not suitable. 

[0082] Similarly, it was also ascertained that when oxygen concentration is less than 12 x 10 17 atoms/cm 3 , no 
increase in BMD density is observed even when low-temperature heat treatment is performed at various temperatures 
for various durations. 

EMBODIMENT 4 

[0083] Boron was added when growing a 6-inch diameter silicon single crystal via the CZ method, and silicon wafers 
were sliced from the silicon single crystal, which was pulled by controlling the substrate resistivity value at 7 - 1 on • cm, 
the oxygen concentration to 1 1 , 12, 14, 16, 18 and 19 x 10 17 atoms/cm 3 , and the carbon concentration to less than the 
FTIR minimum detectable limit value of 0.1 x 10 16 atoms/cm 3 , 0.3 x 10 1 6 atoms/cm 3 , 1 .0 x 10 16 atoms/cm 3 , 2.5 x 10 16 
atoms/cm 3 and 0.1 x 10 17 atoms/cm 3 , respectively. After growing a 4^im epitaxial layer on these substrates via the epi- 
taxial growth process shown in Fig. 4, the low-temperature device processing-equivalent simulation heat treatment of 
Fig. 15 was implemented. The results thereof are shown in Fig. 18. 

[0084] The results of processing simulation heat treatment showed that BMD density increased as the oxygen con- 
centration increased. But, due to the fact that an increase thereof was not observed even when an equivalent amount 
of carbon was added when the oxygen concentration was 11 x 10 17 atoms/cm 3 , it was also ascertained that unless the 
oxygen concentration is 1 2 x 10 17 atoms/cm 3 or higher, no matter how much the carbon concentration is increased, [the 
carbon] does not function to assist or promote oxygen precipitation. 

[0085] As shown in Embodiment 2 described above, silicon wafers with various differing carbon concentrations were 
sliced, and various low-temperature short-duration annealing was performed, a mirror finish was applied, an epitaxial 
layer was grown, and low-temperature device processing-equivalent heat treatment was carried out, following which 
changes in BMD density were studied. Examples thereof are provided in Table 1 and Table 2. 
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[0086] In Table 1 , a silicon wafer, to which carbon was added to make the concentration 0.3 x 10 16 atoms/cm 3 was 
subjected to heat treatment at 900°C for different lengths of time, and BMD behavior was studied. 
[0087] Similarly, in Table 2, a silicon wafer with a carbon concentration of 2.5 x 1 o 16 atoms/cm 3 was subjected to heat 
treatment at 600°C for different lengths of time, and BMD behavior was studied. 

[0088] From the results thereof, it was discovered that combining an oxygen concentration and a carbon concentration 
witivvalues of more than 12 x 10 17 atoms/cm 3 and more than 0.3 x 10 16 atoms/cm 3 , respectively, and subjecting the 
sfac*d wafers to low-temperature annealing at temperatures between 600~900°C for a duration of 15 minutes or longer, 
made it possible to achieve the BMD of 3 x l0 8 [/cm 3 ] or higher required for IG capabilities 
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Table 1 



BMD[cm 3 ] 


Oxygen concentration x 
10 1 7 atoms/cm 3 


No annealing 


900°C/5 min 


900°C/15min 


900°C/4 hours 


11 


5.0x1 0 6 


5.0x1 0 6 


5.0x10 6 


5.0x10 6 


12 


9.0x1 0 6 


9.0x1 0 6 


4.0x1 0 8 


1.0x10 9 


14 


1.3x10 7 


1.2x10 7 


6.0x10 8 


1.5x10 9 


16 


8.0x1 0 7 


1.8x10 s 


l.4x10 9 


3.0x10 5 
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Table 2 



BMDfcm 3 ] 


Oxygen concentration x 
10 1 7 atoms/cm 3 


No annealing 


600°C/5 min 


600°C/15min 


600°C/4 hours 


11 


5.0x1 0 6 


5.0x1 0 6 


5.0x10 6 


5.0x1 0 6 


12 


2.5x1 0 7 


3.0x10 7 


4.0x10 8 


1.9x10 9 


14 


5.0x1 0 7 


2.5x1 0 8 


6.9x10 8 


2.9x1 0 9 


16 


2.0x1 0 8 


3.8x10 8 


1.8x10 9 


4.2x1 0 9 



I0089J It was ascertained that implementing low-temperature annealing at between 600 ~ 900^C "for a duration of 1 5 
minutes or longer under the above-mentioned scope and conditions, creates an environment in which, when the oxygen 
concentration is 12 x 10 17 atoms/cm 3 or higher, large numbers of oxygen precipitate nuclei are scattered about, and 
VI Y T*"' and maWn9 * ie Carb °" concerrtra «°n 0.3 x 10" atoms/cm 3 at the same time, enhances an 
effect, which assists or promotes these oxygen precipitate nuclei. Furthermore, the size of the oxygen precipitate nuclei 
InSJS aCCOK,a " Ce ^ Perf0rmin9 low " tem P e ^ annealing on these silicon wafers, anatfhei nuSeO are no 
SSSf ^ "l 6 * 3 *™* 9rowth P rocess - and - in accordance wrth this combination, sufficient IG capabilities 
(BMD) required for gettenng can be achieved even when [these silicon wafers] are subjected to low-temperature device 
processing following epitaxial growth. 

2S?Ln kITh" 10 !!' °?,! y (B) embodiments are described here, but H has been ascertained that the same 
effect can be achieved with regard to n-type as well. 

so EMBODIMENT 5 



55 



if' (3) standard sam P les were Prepared with an oxygen concentration of 15 x ic 17 atoms/cm 3 and 
oTx X?t^/~ 3 C6ntrati °"f 01 less * an the limit of dete£ * on of 0-1 >< 10 16 atoms/cm 3 , 0.3 x io* atoms/cm 3 .' and 
Sooil with n SnT ^irS^, 31 8 ,°° * 30 minUt6S Aft6r under 9° in 9 growth, and being intentionally 

S ^Sn^l^o nltL* 1 at ° ms/cm > us,n 9 the s P fn coater «««"*. Phese samples] were subjected to the same 
32 Processing heat treatment, following which generation lifetime was measured using MOS C-t. The 
results thereof are shown in Fig. 19. 

10092] When there is no doping, the 3 standard samples each exhibit a high lifetime. Conversely, when doping is per- 
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formed, it was ascertained that the sample, to which carbon concentration was intentionally added, and which under- 
went low-temperature annealing, shows no change in value, but the other 2 standard samples exhibit a considerable 
reduction in lifetime. From this it can be inferred that the BMD density for gettering impurities increases in accordance 
with the addition of carbon concentration + low-temperature annealing, and as a result thereof, lifetime is maintained. 
s That is, it is an example, in which an electrical characteristics evaluation also confirmed the fact that the present inven- 
tion introduces a sufficient IG effect into low-temperature processing. Further, the same effects was also confirmed with 
Fe and Cu. 



INDUSTRIAL APPLICABILITY 

10 

[0093] The present invention, in addition to furnishing gettering capabilities in accordance with suitably controlling the 
pulling of a silicon single crystal using the CZ method to [achieve] a relatively high oxygen concentration, and an inten- 
tionally high carbon concentration, respectively, strives to lower costs by reducing the number of processes in accord- 
ance with not performing any type of EG treatment carried out after conventional wafering, and as shown in the 
15 embodiments, can grant to an epi -wafer, which has not undergone any EG processing whatsoever, heretofore unach- 
ievable gettering capabilities for impurities generated during device processing. 

[0094] Further, the present invention, in addition to furnishing gettering capabilities (IG) in accordance with performing 
annealing for a short duration at a low temperature following suitably controlling oxygen concentration, and carbon con- 
centration while pulling a silicon single crystal using the CZ method, and slicing silicon wafers, makes it possible to 

20 reduce the number of processes and strives to lower costs in accordance with not performing any type of complex EG 
treatment carried out after conventional wafer formation, and as shown in the embodiments, in accordance with making 
possible the heretofore unachievable granting of gettering capabilities [for impurities] generated during device process- 
ing that utilizes an epi-wafer, makes it possible to manufacture a substrate capable of dealing [with measures] for 
enhancing precision because EG is not needed even when two-side mirror finish polishing is required to realize high- 

25 precision planarity in large diameter wafers of 12 inches or more. 

[0095] Further, compared to that exhibited by prior art, [the present invention] can greatly reduce the duration of 
annealing implemented either after epitaxial growth or prior thereto, and in accordance with the implementation thereof 
prior to epitaxial growth, for which the frequency of defect generation is low, makes it possible to manufacture at low 
cost a silicon epi-wafer that has few processing defects. 

30 

Claims 



1 . A silicon epitaxial wafer which is a silicon single crystal grown via the CZ method; which has an oxygen concen- 
tration in the range of 12 ~ 27 x 10 17 atoms/cm 3 (OLD ASTM method), and a carbon concentration in the range of 

35 0.5 ~ 32 x 1 o 1 6 atoms/cm 3 (NEW ASTM method) ; and which has an epitaxial layer grown on a surface of the wafer, 
which has not been subjected to any process, from which an EG effect can be anticipated. 

2. The silicon epitaxial wafer according to claim 1 , wherein an epitaxial layer is grown on a surface of the wafer, one 
side or two sides of which wafer have been polished to a mirror finish. 

40 

3. The silicon epitaxial wafer according to claim 1 , wherein the silicon single crystal has been doped with either boron 
or phosphorous. 

4. A silicon epitaxial wafer manufacturing method, wherein, after slicing a silicon wafer from a single-crystal ingot of 
45 silicon pulled by controlling the oxygen concentration within the silicon single crystal in the range of 12 - 27 x 10 17 

atoms/cm 3 , and the carbon concentration in the range of 0.5 ~ 32 x 10 16 atoms/cm 3 during pulling via the CZ 
method, one side or two sides of the wafer are polished to a mirror finish, and further, an epitaxial layer is grown via 
a gas-phase growth method on a prescribed surface, without performing a process from which an EG effect can be 
anticipated. 

50 

5. A silicon epitaxial wafer manufacturing method, wherein, after slicing into a silicon wafer a silicon single crystal 
pulled via the CZ method by controlling the oxygen concentration in the range of 12 -18 x 10 17 atoms/cm 3 , and the 
carbon concentration in the range of 0.5 ~ 2.5 x 10 16 atoms/cm 3 , short-duration annealing is performed at a tem- 
perature of between 600°C and 900°C under conditions of between 15 minutes and 4 hours, one side or two sides 

55 of the wafer are polished to a mirror finish, and an epitaxial layer is grown on a surface thereof, without performing 
any process from which an EG effect can be anticipated. 

6. The silicon epitaxial wafer manufacturing method according to claim 5, wherein the silicon single crystal is doped 
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with either boron or phosphorous, and the resistivity value of the silicon wafer is 0. 1 Q • cm or greater. 
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